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lower phosphorus retention ranges, as would be expected of a true bottom hypolimnion withdrawal
reservoir.

This long term phosphorus budget summation confirms that the new algal succession R&D code does not
appear to be mobilizing more phosphorus than would be appropriate. However, it also indicates that
approximately the same total phosphorus leaves the reservoir as the dissolved phosphorus load that enters
over the ten year period.

The W2 model needs a chlorophyll segment cross-sectional average for calibration. In order to accurately

quantify total internal algal biomass productivity in this reservoir cross-sectional averaging of chlorophyll
and phytoplankton data is needed. Large changes in total algal biomass would also change local total
phosphorus date specific surface concentrations. A single deepest over channel reservoir sampling station
can significantly bias quantification of algal biomass production as will be better shown in the chlorophyll
section to follow. The deep water station has a high probability to bios biomass surface samples low.
Remember all data extractions from W2 simulation represent a lateral average of the segment and layer.
A low total algal biomass bios would also bios surface total phosphorus low.

The W2 simulations demonstrated in this section are based on proving or disproving the assumption that
external dissolved phosphorus loading, not internal loading, drives the annual to semi-annual phosphorus
budgets in ECR. The models first order oxygen demand decay is also releasing phosphorus when organic
matter decays. This autochthonous organic matter decay provided most of the phosphorus in the
calibration documentation just reviewed. The anaerobic inorganic phosphorus release from
sediments is not the driving force or majority source of phosphorus in ECR during this time period
in the W2 simulation calibration and confirmation. If anaerobic inorganic internal loading was the
major portion of the annual phosphorus budget for example- the W2 simulations would be grossly
in error, as would the dissolved oxygen budget. However, the W2 simulations do carry over
autochthonous organic matter to provide this phosphorus. If this reservoir attained most of its bioavailable
phosphorus from anaerobic inorganic releases from the sediments these W2 simulations would way under
estimate phosphorus concentrations, algal biomass production, and oxygen demand in this reservoir.
Unfortunately, the chlorophyll data collection in ECR does not support the need for so much
autochthonous algae production as occurs in these W2 simulations. This is an error in the chlorophyll data
collection which needs to be addressed in future monitoring, and will be discussed further in the
following sections of this report.

The in-reservoir phosphorus concentrations are modeled very well by W2 utilizing only the dissolved
phosphorus inflow. The W2 simulation has considerable robustness over a broad range of reservoir
elevation, hydrology, and with a 60% phosphorus reduction.

1.4.2.4 Chlorophyll

The chlorophyll a data that has been collected in East Canyon for many years comes from three stations in
the reservoir (see Figure 1). They are near the dam, mid, and upper reservoir (near the East Canyon Creek
inflow). These stations are placed so as to be over the deepest water in this segment cross-section. This
provides the deepest vertical profile location, which is appropriate for most parameters. The upper
reservoir station can move depending on the reservoir elevation. The mid- reservoir station is right of mid
channel (looking downstream) and just up reservoir from the State Park. Chlorophyll concentrations can
vary by nearly two orders of magnitude across a segment as demonstrated by data collected by
Reclamation and USGS Scientists in October of 2000 in Figure 1.4.3.4-1 below.

The two dimensional W2 model laterally averages the chlorophyll in each layer across an entire segment.
On the date of the satellite imagery study (Figure 1.4.3.4-1) the standard three station reservoir sampling
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protocol may have under estimated the total algal biomass by "4 to near an order of magnitude'®. The mid
reservoir station (right of center of main channel looking downstream) would have had a chlorophyll
concentration between 3 and 5 ug/L. A lateral average across the channel at the mid reservoir segment as
represented by the W2 bathymetry file would more likely have been 30-40 pg/L on the satellite imagery
collection date. Samples from the Southwest shore would have been 50 to > 100 pg/L, while samples
from the North shore near the State Park could have been less than 3pg/L.

Similarly, the maximum chlorophyll at the three protocol sampling sites may have had a range of 4-20
ng/L, while the many samples represented in the satellite image with chlorophyll greater than 20 ug/L
actually ranged from >20 pg/L all the way up to greater than 250 ug/L. The satellite imagery in this
study could not be calibrated to discern the differences greater than 20 pg/L.

The importance of the influence of wind direction is also a significant feature of this image (Figure
1.4.3.4-1). The large blue-green algal blooms had been stacked in against the dam until just about a week
prior to this satellite image study date, when a major fall storm event changed the wind direction and
redistributed most of the algal biomass back towards the inflow area. The wind had again reversed and
was moving the algal bloom back towards the dam in the immediate 12-24 hour period prior to the image
time and date. Viewing the satellite image it is obvious which direction the wind was blowing in at least
the previous 6-12 hour period. The first major fall storm event can move large blue-green algal masses
from the deeper water near the dam to the shallow water in the upper half of the reservoir, or concentrate
it on the shoreline. This can give the appearance of a huge blue-green algal bloom being generated over
just a few days. The large algal blooms stacked against the dam are less public and in deeper water than
the blooms in the upper reservoir shallow inflow area. Thus a change in wind direction and redistribution
of the algal blooms all over the shallower upper reservoir basin can give the impression that fall turnover
produced massive algal blooms almost overnight. This wind direction change can also produces the large
fluctuations in particulate organic phosphorus discharge observed previously from the dam.

Fall turnover does help generate large algal blooms, but the wind movement and appearance of a fall algal
bloom can change dramatically in even a 24 hour period. Without on-site wind speed, direction, and
matched times of sample and W2 output, it is very difficult to precisely calibrate date specific data in a
laterally averaged model from a single reservoir location sample. However, collecting laterally averaged
chlorophyll and phytoplankton samples is just as important to quantitatively represent the reservoir as it is
to have a segment laterally averaged data point to calibrate the W2 model. Algal blooms of this
magnitude have been observed many times on the reservoir, but seldom appear in the chlorophyll data
base.

The satellite chlorophyll study demonstrates that quantitatively utilizing the historical East Canyon
Reservoir chlorophyll and phytoplankton sampling data for calibration of the W2 model could lead to
some problems. This satellite imagery study was designed to determine if a single deepest channel station
did bias the phytoplankton productivity data. This study was designed for this purpose after the author
reviewed years of chlorophyll data and was astonished at how low it was overall. If the W2 simulations
were forced to match the chlorophyll data for total algal biomass it would way under estimate
autochthonous productivity in this reservoir. It would also way under estimate the huge blue-green algal
blooms the author observed many times over a thirty year period. In fact, it would be difficult to even

18 erry Miller (author) wrote the proposal and the workplan for the ECR USGS/USBR Department of the Interior
(DOI) funded research project satellite image study of Chlorophyll. The study was specifically designed to
determine if the three single chlorophyll sample locations in the reservoir might bias low the total algal biomass
estimation. This study was designed because the chlorophyll data was so low compared to the large algal bloom
observations made on the reservoir.
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force the W2 model to produce as little chlorophyll as is represented in the data base. Thus it is just as
important to collect laterally averaged segment chlorophyll and phytoplankton data sets to accurately
account for total algal biomass production in the reservoir, as it is produce data that can accurately
calibrate the W2 laterally averaged model.

The satellite imagery study was specifically designed to test the sampling programs ability to quantify the
total algal productivity. It was intended to process multiple date satellite images to attain more reservoir
wide chlorophyll data from this calibration, but total DOI/USGS /USBR program funding was
discontinued and the project was not completed. This was a programmatic DOI reduction, and not
specific to ECR. However, we have observed many similarly large blue-green algal bloom events as the
one on the date the satellite image was taken over the past 30 years. Scenes like the one in Picture 1.4.3.3-
1 have been common place during the summer and fall on ECR prior to 2005. However, the large spring
diatom blooms tend to concentrate several meters beneath the surface and generally do not form large
surface scums like the one in the picture; therefore, the magnitude of organic matter in these spring
blooms is often over looked. During many large spring algal blooms the water simply appears very green,
and would have very low (less than one meter) Secchi Disk depths, or high turbidity and low water
clarity.

It was determined after reviewing the satellite imagery study in an early meeting with Utah DEQ that the
W2 model would not be forced to calibrate to the Chlorophyll data, but would try to qualitatively track
the trends in shifts in planktonic species (algal succession) from Dr. Sam Rushforth’s phytoplankton data
qualitatively. However, since many of the samples Dr. Rushforth and Sarah Rushforth examined where
also taken from the same aliquot as the chlorophyll samples, they were also just as likely biased low in
total cell counts and biovolumes.

In addition to chlorophyll being very biased to the slow side even on a day with a large algal bloom; the
total algal biomass varies so much during peaks, in seasonal transitions in algal succession, and even
daily in vertical migration that getting representative total algal biomass data to calibrate a laterally
averaged model can be a difficult task (see the long term W2 simulation chlorophyll time-line extractions
in Figure 1.4.3.3-2). A few sample points per year simply will not adequately represent a hyper-eutrophic
biomass without a lot of luck, some understanding of the calibration issues, and some on-site judgments
during sampling. However, a 5-7 sample chlorophyll/Secchi Disk transect across a segment to compute
an average would help. Collecting sufficient data to adequately represent productivity is not unique to
ECR, and in fact this is probably a fairly common issue. Data collection is expensive. That is why local
watershed water quality committees often use volunteers to help with data collection. For example, if
water clarity, as measured by Secchi Disk transparency can be accurately correlated to chlorophyll data;
then a cheaper method to obtain more data can help calibrate the CE-QUAL-W?2 simulations.
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Figure 1.4.3.4-3- IKONIS S Multispectral Satellite Image of East Canyon Reservoir calibrated and processed
for Chlorophyll a on October 11, 2000. Red indicates areas where chlorophyll a is greater than 20 pg/L, but
samples ranged all the way up to 250 pg/L on this date. This image could not be calibrated for ranges
exceeding 20 pg/L. This image was provided by Ms Mindy Shearer, USGS, Cook, Washington from an
unpublished joint Department of Interior U.S.G.S./ U.S. B.R. research project(personal communication from
Ms Mindy Shearer to Jerry Miller).
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The spring algal bloom is attaining light limitation for at least several weeks during most years, especially
in the warmer climate of the past two decades. The high phosphorus concentrations at spring turnover and
in the East Canyon Creek spring runoff produce these large spring algal blooms. The high phosphorus
concentrations during spring turnover do in fact contain input from the past several years primarily being
recycled from the autochthonous organic pool. These spring blooms are the common denominator
maintaining high metalimnion and hypolimnion dissolved oxygen depletion rates even though nearly 60%
of the external phosphorus has been removed. Figure 1.4.3.4-2 demonstrates the large peaks in
chlorophyll in the spring with a low in the middle of the summer and another peak in the fall. The fall
peak has also been significantly reduced since 2005, and blue-green algal dominance has declined with
the decline in the summer and fall chlorophyll. These W2 simulations (Figure 1.4.3.4-2 follows the trends
that have been observed from 2003-2007). An astute observer didn’t need data to see the difference in
summer algal biomass in 2005-2007.

The reservoir produces the very large spring diatom blooms, and this biomass drives the summer
metalimnion and much of the hypolimnion oxygen demand. If phytoplankton samples are not collected
near the peak of the spring bloom, the biomass production for the year and the relative importance of
diatoms will be under estimated. The phytoplankton data counts qualitatively say the summer/fall algal
succession has changed from large diatom and blue-green blooms to lower productivity and minimal
blue-green algae. Yet the oxygen demand has declined only minimally through the summer. Figure
1.4.3.4-2 indicates that the summer/fall chlorophyll concentrations have declined significantly after 2003,
but the spring peak remains through 2007. The fact that the metalimnion dissolved oxygen did not
significantly improve in 2006-2007 is the best calibration parameter supporting the total spring algal
biomass from the W2 simulations. Again, this is a significant test of model robustness.

East Canyon Reservoir 2003-2007 Baseline Calibration
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Figure 1.4.3.4-2 is the Baseline or calibration W2 simulation data set from 2003-2007. Notice the larger
overall summer algal biomass and the reducing fall peak which includes more blue-green algae. Also notice
that the late summer and fall peaks have significantly declined with the removal of additional summer
dissolved phosphorus due to advanced wastewater treatment at ECWREF.

The long term phosphorus accumulation (1-3 years) coupled with early fall turnover followed by a
prolonged warm late fall could still produce some significant blue-green algal bloom events in the future.
Furthermore, a drought following a wetter cycle like 2008-2009 (Figure 1.4.3.4-2 repetitions of 2003-
2004) with an additional five meters of drawdown will also quickly warm and recycle additional organic
matter and produce the fall algal blooms.
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At this point there are some clear chooses; either the W2 simulation produces sufficient algal biomass in
the spring to cause the oxygen depletions through the summer, or there is a much smaller overall algal
biomass produced in the reservoir, and the metalimnion/hypolimnion oxygen demand comes from some
other sources. Since spring runoff is so small it essentially does not occur in 1991-92, 2000-2001, 2003;
if the allochthonous particulate organic matter is the primary source of metalimnion and hypolimnion
dissolved oxygen demand, then this oxygen demand source should be very small in these severe drought
years. Metalimnion oxygen demand should be reduced with such minimal spring runoff. However, the
spring algal blooms were still very large-due to spring turnover and high dissolved inflow phosphorus
concentrations, The metalimnion/hypolimnion oxygen demand remains high through all ranges of
hydrology and with a 60% external phosphorus loading reduction. The W2 simulations, based only on
external dissolved phosphorus loading, produce sufficiently large spring algal blooms that the
metalimnion and hypolimnion oxygen demands are not a mystery.

It would be difficult to reasonably force W2 to produce a much smaller overall algal biomass. These algal
biomasses are produced with the estimated external dissolved phosphorus loading sources, although the
internal recycling for autochthonous organic matter production causes much of this phosphorus to be
utilized for 2-3 years. A substantial overall reservoir response is documented in this study as a result of
the point source reductions beginning in 2004 by July of 2005. However, the 60% phosphorus
accumulative reduction since the 1990s also contributed to this overall change in 2005-2007. It is unlikely
the reservoir has reached equilibrium with the current phosphorus reductions, and several very wet years
of flushing may still help attain lower overall concentrations typical of long term dynamic equilibrium.

The organic matter in the large spring runoff in 2008 did not produce observable turbidity in the reservoir
by late May beyond the first three inflow segments in the W2 bathymetry file, even though the reservoir
was already spilling. Moderate quantities of organic matter were observed collected on the shoreline in
the immediate inflow segments. After thirty years of modeling and conducting limnological research, it is
the author’s belief that autochthonous productivity provides most of the summer metalimnion oxygen
demand from the spring algal bloom. The W2 model simulations strongly support this argument. The
only way to document the magnitude of previous decade’s algal blooms would be to conduct another
spring and fall peak bloom satellite survey of ECR and then purchase and process a lot more satellite
images from previous years with that calibration. This is an expensive research proposition. In the years
when Dr Rushforth (2003-2007) has spring samples significant diatom blooms are present. This is
discussed in detail in section 2.4.

It should be noted that the spring diatom blooms do not present themselves as noxious surface scums as
readily as blue-greens do. The water is just green. They also do not accumulate right at the surface and
then get stacked into piles on the shoreline- unless the diatom bloom is of huge proportions. The overall
reduction in summer algal biomass and the blue-green blooms may also have reduced the sampling
protocols low bias from just three sampling locations. However, to calibrate a two-dimensional dynamic
model 3-7 chlorophyll samples composited across the segment would be preferable. Digital pictures, field
notes, time of day, multiple Seechi Disk depths, and specific personnel training of the sample collection
goals would also be helpful.
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1.4.2.5 Blue-green Algae

In this East Canyon Reservoir W2 model and with the algal succession research code several important
things occur. They are:

1) The ability to create daily vertical phytoplankton migration'?;

2) Which also produces more total algal biomass;

3) To correctly follow shifts in major categories of algal group succession- such as
reductions of blue-green algal biomass; and

4) To move algal biomass to and export it through the dam during major summer and
fall bloom events.

These are significant pieces of the correct interaction of the W2 simulations and this ecosystem. This
reservoirs ability to route large algal blooms downstream often gave ECR a “lower trophic status
presentation” or trophic index than it would have had if the algal biomass was retained in the
reservoir. It is not customary in summarizing a water body’s trophic status to include the quantities
or potential hazards of routing decomposing blue-green algae downstream. Not accounting for the
potential harm of routing decomposing blue-green algae downstream in quantifying the hyper-eutrophic
status of East Canyon Reservoir also needs some measurement end-point goal consideration. Utah DEQ
has a reduction or preferably an elimination of blue-green algae as a measurement end-point goal for the
phosphorus TMDL.

The dissolved oxygen demand is the only way to quantify the presence of the large spring algal biomass.
However, Dr. Sam Rushforth’s phytoplankton sampling and counts do qualitatively indicate the large
spring algal blooms.

Although the 2000 satellite image study was never previously published, the author did share it with Dr.
Rushforth and the East Canyon Water Quality Committee in their quarterly meeting in about 2002.
Following discussion between Jerry Miller and Dr. Sam Rushforth about the concern of under
representing total algal biomass- Dr. Rushforth built an MS EXCEL spreadsheet documenting changes in
important species indices from 2002-2005 (Rushforth, 2006- personal communication). The Utah DEQ-
Water Quality Division (Utah DWQ- as designated on Dr. Rushforth’s charts- see Figure 1.4.3.5-1) ECR
data collection was sometimes missing the spring algal bloom in May/June. Reclamation began a joint
study program with Dr. Rushforth to add additional samples to the East Canyon data collection, including
May/June samples to represent the spring blooms. Dr. Rushforth’s analysis was previously only a
personal communication between himself and Jerry Miller, although it may also have been presented to
the East Canyon Water Quality committee orally during one of their meetings.

Figure 1.4.3.5-1 is extracted from Dr. Rushforth’s MS EXCEL spreadsheet communication to Jerry
Miller. Not all Utah DWQ ECR samples missed the spring algal bloom entirely, but this is the most
extreme example of a year that it did. Missing the importance of the spring algal bloom would also have
significant impacts on the algal succession calibration utilizing the new research code in this study. It
would also be difficult to force the model to reproduce the algal succession major species relative
importance based on the DWQ sample date collections that missed the early spring algal bloom. Since
there are rarely sufficient funds to not compromise monitoring, this is likely a common problem.

' The vertical migration is the experimental research and development code being tested by J]M Water Quality and
ERM.
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Figure 1.4.3.5-1 Dr. Sam Rushforth’s important algal categories analysis (per cent/year) in 2004 when the
spring algal bloom is represented in the samples (right- combined), and when only the summer and fall algal
blooms are represented (left DWQ). Without inclusion of the spring diatom bloom the seasonal importance of
species goes from 92% blue-green to 28% and from 2.4% diatoms (Bacillariophyta) to 60%. This is a
significant difference in the limnological trophic state representation of ECR’s total productivity and
important algal categories. This data was provided by personal communication from Dr. Samuel R.
Rushforth (2006) in an MS EXCEL spreadsheet as part of the discussions with Jerry Miller after the
Chlorophyll satellite image study (Figurel.4.3.4-1) also strongly suggested that the data collection
methodology may be under representing total algal biomass in ECR. These charts are printed by permission
of Dr. Sam Rushforth.

Data costs are usually greater than monitoring programs can fund. The evidence presented in this study
and from over 30 years of reservoir limnological research and modeling is that most studies have to
monitor with significant compromises. The hypothesis is that monitoring methodologies used to collect
the minimal amounts of data are far more likely to under represent the water bodies total autochthonous
biomass production than to overestimate it. One would think the exception to this would be in focusing on
monitoring in the fall maximum blue-green algae production period. But missing the spring algal bloom
altogether to focus on this period still argues for the hypothesis that reservoir monitoring methodologies
are likely to under estimate total autochthonous productivity. This may be a common problem in reservoir
data collection. If this hypothesis is correct, it may have affected the trophic characterization and
modeling of many reservoirs. In fact it could even impact many of the equations, algorithms, and
paradigms used to develop water quality models. Perhaps many W2 applications may have had to over
utilize the zero order oxygen demand compartment to compensate for the lack of first order organic
matter. However, if the spring turnover and spring inflow of nutrients are adequately represented, it is
difficult to force W2 not to produce these large spring algal blooms.

It has been observed that in the August and September East Canyon Reservoir discharged a “smelly green
slime”, and some people reported becoming ill being around it (including the author during a sampling
trip into the blue-green algal mass stacked into the dam). The potential for these Cyanophyta to produce
toxins and then to export those toxins downstream to animal husbandry operations or even to the drinking
water system taken from the Weber River is an additional concern. Reducing or eliminating blue-green
algae from East Canyon Reservoir is an important measurement end-point goal for the phosphorus
TMDL.
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Figure 1.4.3.5-2 is Dr. Sam Rushforth’s Important Species chart for the combined DWQ and BOR samples
from 2002-2005 (4 years composited). The bulk of the phytoplankton biomass would also be represented by
the spring algal bloom (diatoms-orange) from mid May to July according to the W2 simulations, although
diatoms are common in all time periods(Rushforth, 2006, Personal communication- printed by permission of
Dr. Sam Rushforth).

Figure 1.4.3.5-2 further demonstrates the importance of diatoms, which have their largest productivity in
May and June, in understanding the overall autochthonous productivity within East Canyon Reservoir.
The very large fall Aphanizomenon blooms of the 1990s are limited after 2004. However, the
continued presence of Microcystis and Anabaena in the late summer is still a concern because they have a
higher potential of producing blue-green algal toxins.

Algal succession modeling is a relatively untested science. The current needs in progress in this science
and in the objectives of this East Canyon Reservoir phosphorus TMDL are to get the total algal biomass
correct, while at the same time demonstrating when phosphorus reductions will reduce the occurrence of
Cyanophyta. Algae are part of a balanced ecological system and are the base of the food chain to feed
fish. Too much algae and too much bad algae lead to diminished biological diversity, diminished
dissolved oxygen in the water column, aesthetic and health issues for primary body contact recreation,
health and cost concerns for treatment of potable water, and drinking water hazards for domestic animals
and wildlife. The health concerns associated with Cyanophyta continue to grow as our ability to
understand its’ role at the bimolecular- neurological, carcinogenic, and DNA code level continues to
expand.

The algal succession research in this East Canyon Reservoir W2 Modeling application is aimed
specifically at getting the total algal biomass correct, and defining critical bench marks that will reduce
blue-green algae populations that fix nitrogen from the atmosphere. Making phosphorus limiting before
nitrogen is critical to future success in reducing Cyanophyta populations in East Canyon Reservoir.
Attempts are made here to also correctly model diatoms versus greens and dinoflagellates; but the real
task needed at East Canyon Reservoir is to determine when Cyanophyta will be significantly reduced.
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Certain events such as large August/September runoff, early mixing and turnover, and then a prolonged
warm fall are likely to produce significant blue-green algal bloom events in the future. The goal is to
reduce or eliminate blue-green algae. The specific hydrologic/climatic sequences that might represent a
worst case are probably not included in the current data sets being simulated. However, knowing that such
events may occur periodically, it is better to model slightly conservatively with regards to future scenario
blue-green algal bloom events.

The data and the W2 simulations agree qualitatively and semi-quantitatively on the Cyanophyta
reductions that have occurred over the past 5-6 years. The future scenario sensitivity studies presented
hereafter utilize a wind sheltering coefficient of 0.85 (more wind) to help push fall blue-green algal
blooms.

The W2 simulation produces phosphorus limitation in the epilimnion in mid-July of 2005, and again in
later June to mid September in 2006-2007. Since Cyanophyta can fix nitrogen from the atmosphere,
creating phosphorus limitation in the epilimnion during the summer is an important measurement end-
point goal. Phosphorus limitation eliminates an important blue-green algae advantage, as nitrogen
limitation can greatly advantage Cyanophyta.

The major algal succession changes documented in ECR (Rushforth, S. 2003-2007 “Annual
Phytoplankton Floras Reports™) appear to follow these major shifts in the W2 simulations. The potential
to produce summer and fall toxic blue-green algal blooms in East Canyon Reservoir may have been
significantly reduced overall, but the Anabaena and Microcystis*® species that are occurring in the late
summer and fall have a greater potential to produce toxins. The overall abundance of blue-green algae
and chlorophyll has declined significantly from Mid-June to mid September. The continued presence of
these particularly troublesome Cyanophyta is still a concern, and could be due to the general climatic
increase in temperature. These species seem to be increasing on a regional scale, not just in East Canyon
Reservoir.

The typical algal succession in ECR pre-2004 advanced waste water treatment phosphorus reductions was
very large spring algal blooms with potential for nitrogen limitation by late June. Onset of hot
temperature brings a major shift as spring algal blooms wane due to hot water and decreasing phosphorus.
This shift is seen as the drop in early summer chlorophyll concentrations in Figurel.4.3.4-2. Brief
periods in the heat of summer may coincide with co-limitation of phosphorus and nitrogen periodically,
but large blue-green algal blooms could appear stacked into East Canyon Dam anytime during the
summer and fall prior to 2004. Significant diatom populations also inhabited ECR throughout the
summer and fall, and dinoflagellates and green algae were also common. After fall turnover very large
blue-green algal blooms including Aphanizomenon, Microcystis, and Anabaena flos-aquae could also
occur from late August into November if warm enough weather persisted, especially prior to 2004.

Following advanced wastewater treatment at ECWRF and reduction of erosion non-point sources by 2004
the algal succession has changed. The large mid May to mid July spring algal bloom dominated by
diatoms is still present. Significant blue-green blooms are missing from July to near mid-September.
However, the blue-greens that are present in August/September/October- Microcystis or Anabaena flos-
aquae- now tend to out compete Aphanizomenon. The W2 simulations mostly get this right. The late
fall turnover would seem to still be ideal for Aphanizomenon even without nitrogen limitation. Nitrogen
does not have as great a tendency to be limited before phosphorus, thus the advantage to blue-greens is
not as great. However, in late October 2007 a short duration but high peak Aphanizomenon bloom did
occur, but was missed by W2. The current W2 algal succession research code appears to be following this
overall reduction in Aphanizomenon, and periodic appearance of fall Microcystis and/or Anabaena

0T observed more Anabaena and Microcystis in the fall of 2007 in Intermountain West Reservoirs than I had in my
previous 30 years of study and research (personal communication from the author- Jerry Miller).
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(modeled as a category) approximately correctly through 2007. This will be enumerated more in the next
sections.

1.5 Scenario Modeling: Reservoir Response to Proposed Tributary
Concentrations and Comparison to Baseline Calibrated Model

The scenarios that have been analyzed are all compared to the baseline. The baseline is the 2003-2007
actual phosphorus loading as computed by SWCA (2008). From 1999-2002 there had already been
substantial erosion control put in place with apparent phosphorus reductions. Previous improvements in
waste water treatment reduced phosphorus concentrations from 6-8 mg/L to about 4 mg/L in about 1995.
In 2004 the advanced treatment implemented at ECWRF achieved a concentration of <0.1 mg/L. At that
point East Canyon still contained a legacy phosphorus load, and the dissolved phosphorus in the
discharge appears to have temporarily exceeded the concentrations in the inflow during parts of 2004-
2006 (Figure 1.4.3.3-1).

During the 2003-2011 baseline loading simulations (2008-2011 repeating 2003-2006 hydrology) and
again in the four repetitions of the average year (2008-2011 repeating 2005 hydrology four times in a
row); sensitivity studies the cycle of intermittent build up and retention of phosphorus in the hypolimnion
begins to show up. In fact the repetitions of the average year (2005) represent a worst case scenario for
long term phosphorus retention. This intermittent retention and then routing inserts a question mark
about consistently attaining some additional future phosphorus TMDL measurement end-point goals!
This cycle was actually always present, but when the phosphorus concentrations were so high it was
partially masked, and without the dynamic W2 modeling difficult to see. Again, the CE-QUAL-W2
model cannot predict hydrology or meteorology; therefore, the use of the dates 2008-2011 in the
sensitivity studies should not be viewed as predictions for those years, but rather just as references for
comparison in the future to similar hydrologic circumstances in the sensitivity studies. For example
before final printing of this study it was obvious the spring 2008 inflow would be bigger than an average
year in the East Canyon drainage. Therefore, comparisons for 2008 in these charts would best be made to
the 2010-2011 year date designations in the sensitivity charts and tables.

The scenarios are all calculated as difference from the baseline, not from the larger phosphorus reductions
attained since the mid-1990s. So, a 65% non-point source reduction in scenario C3d (Table 1.5.1-1) is
actually nearer an 11% additional total reduction since 1995. Therefore, the differences in attaining new
measurement end-point goals should be viewed as 11% overall reductions, rather than as 65-75%
reductions. Viewed from this perspective the differences in attainment of new measurement end-point
goals are small between the various scenarios presented in Table 1.5.1-1(11-16%), and showing the
analysis results of all the scenarios is not a very useful exercise.

The recommended scenario is C3d, but maintaining the lowest practical point source loading in the
summer is also an important consideration. Scenario C3d provides the greatest benefits as will be
described in the following sections. Several scenarios actually achieve slightly greater overall phosphorus
reductions than C3d, but with barely detectable increased improvements in water quality. Within the
precision and accuracy of the model there are essentially no additional benefits from the scenarios with
greater phosphorus reductions than C3d at least not projected out to 2011.

There are still questions about how much future improvement might yet occur over the next decade due to
phosphorus reductions already realized. Certainly they will not be as great as the 60% reduction has
yielded to date, but additional improvement may still develop over a longer time period as more legacy
phosphorus is either permanently trapped in the sediment or cycled through the reservoir.
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1.5.1 Nutrients- Phosphorus

Table 1.5.1-1 shows some of the scenarios that were considered for this analysis. The total loading is
highly variable annually, but may have averaged nearly 6300 Kg from 1991-1998. The 1991-1998 time
period was also slightly wetter overall, thus would have yielded a little higher load just due to hydrology.
The range of phosphorus reductions computed against the baseline in Table 1.5.1-1 would actually be 11-
16 % when computed against a 6300 Kg/Year average from 1991-1998. Therefore, the improvements
expected in East Canyon Reservoir are small between scenarios, and when compared to the 60% overall
reduction.

Table 1.5.1-1 Description of some of the potential future scenarios provided by
SWCA and analyzed with CE-QUAL-W?2.

Load %

Scenario | Kg/Yr | < baseline Scenario Description
Baseline | 2,551 | 0% Estimated 2003-2007 phosphorus loading; W2 calibration
Scenario
2a 2,801 | +10% Uses its existing allocation of point source load.
Scenario
2b 3,206 | +26% WWTP goes to 7.2 MGD at 0.1 mg/I TP and 0.03 mg/I ortho P
Scenario WWTP goes to 7.2 MGD 0.1 mg/l TP; 0.03 mg/l Dissolved P;
3a: 2,038 | -20% Nonpoint sources reduce by 50%.

WWTP goes to 7.2 MGD at 0.1 mg/l TP and 0.03 mg/l ortho P;
Scenario 75% nps reduction of TP during spring runoff and rain on snow;
3b: 1,579 | -38% 60% nps reduction during baseflow and storms.
Scenario WWTP goes to 7.2 MGD at 0.1 mg/l TP and 0.03 mg/l ortho P;
3c: 1,506 | -41% 75% nps reduction of TP.
Scenario WWTP goes to 8 MGD at .1 mg/I TP and 0.03 mg/I ortho P;
3d 1,824 | -29% 65% nps reduction of both TP and DP.

nps= non-point sources
Scenario Cap inputs at 0.046 mg/l TP based on East Canyon Creek
1a 1,990 | -22% recommendation.

Figures 1.5.1-1 & 1.5.1-2 have a lot of information in them. A W2 time line in this case is the
simulation layer laterally averaged concentration extracted at about 3 p.m. every other day for the entire
time period of the simulation. This is a tremendous amount of information as compared to three single
location sampling dates 4-8 times per year.

Figure 1.5.1-2 appears difficult to comprehend at first glance, but careful study of this chart reveals a
great deal about this reservoir. The top two lines compare the baseline and scenario C3d at the 2 meter
depth where the most photosynthesis occurs. The middle chart shows the phosphorus reduction from the
baseline versus the C3d scenario at elevation 1700 where phosphorus build up begins to spill through the

61



hole in the old concrete dam and can be discharged. The bottom charts shows the maximum
accumulation of phosphorus in the deepest portion of the hypolimnion stagnant zone on the bottom just
upstream from the old earthen dam. The TMDL recommended scenario C3d appears to continue to
provide slow but long term improvements over the baseline (bottom chart final two years). Careful study
of the dam and weir configurations in Figures 1.3.1-1, 1.3.4-1 & 2, and 1.3.6-1 will aid in understanding
this next section.

Figure 1.5.1-1 demonstrates the phosphorus reductions expected from Scenario C3d (recommended Plan)
versus the baseline loading from 2003-2007. The continued decline of phosphorus even extrapolated out
to 2011 suggests that East Canyon reservoir may not quit have reached a long term dynamic equilibrium
from the pre-2004 legacy loads.

East Canyon Baseline Phosphorus Loading From 2003-2007 Repeated After 2007 As 2008-2011
Compared To Scenario C3d For The Same Time Periods And Cycle Repetition Out Through 2012
Brown (top) = Baseline; Green (bottom) = C3d
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Figure 1.5.1-1 Charts the W2 simulation baseline total phosphorus discharge out of the dam (brown-top
peaks) and the green line is the W2 simulation scenario C3d with an additional 65% non-point source
phosphorus reduction. The C3d simulation continues through 2012 by repeating 2003-2007 hydrology,
meteorology, and nutrient loading. In reality 2008 will be a wet year and more comparable to 2010. The low
in C3d in 2012 is higher than 2011, but should be compared to the low in 2007 which shows that 2012 is still
improving.

Figure 1.5.1-2 illustrates the phosphorus concentration at three depths, including the retention cycle and
build up of phosphorus in the very bottom of the stagnant hypolimnion zone. It is important to note the
difference between this hypolimnion buildup between the baseline and scenario C3d in the final two
years. Scenario C3d is a significant improvement over the baseline. When the hypolimnion is completely
mixed in the late fall through spring turnover the concentration at all depths are nearest homogeneous
with the lines on all 3 charts nearly converging, but the deepest location near the bottom still remains
slightly higher.

The middle chart shows the buildup of phosphorus is topped off by discharge through the hole in the old
concrete dam at elevation 1700 M. The top chart shows the overall long term trend of decreasing summer
time epilimnion phosphorus concentrations, with the epilimnion becoming more phosphorus limiting.
This produces the overall reduction in summer time chlorophyll and in blue-green algae. The bottom
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chart is right on the bottom just upstream of the old earthen dam. The cycles show phosphorus buildup
with flushing occurring only in a wet year on a very low reservoir pool such as 2005 repeated again as
2010. Long term trends should compare 2005 to 2010, 2006 to 2011. Long term phosphorus reductions
are still occurring even from the 60% phosphorus reductions already in place.

The ECWRF advanced WWT for phosphorus reduction continues to produce declining summer time
epilimnion phosphorus concentrations even though the deep hypolimnion begins to retain and rebuild
higher phosphorus concentrations after the 2005 (repeated again in 2010) wetter year following dry years.
The significant summer time decline in the top chart, often to less than 0.02 mg/L at the 2 meter depth
following 2005, is a major phosphorus TMDL reduction accomplishment.

Total Phosphorus Timeline W2 simulations
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Figure 1.5.1-2 charts a set of time line extractions from the W2 station 0.33 Km upstream from the dam at 2
meters deep, elevation 1700 ( approximately the hole through old concrete dam elevation), and at elevation
1687 at the water sediment interface upstream of the old earthen dam in the hypolimnion stagnant zone. The
comparisons are to the baseline and to Scenario C3d with an additional 65 % reduction of non-point sources
calculated from the baseline loading. The baseline is the top line and the reduction scenario C3d is the bottom
line in each chart.
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The spring turnover mixes phosphorus to the euphotic zone at concentrations still exceeding 0.08 Mg/L,
the spring inflow forms an overflow density current, and the epilimnion both warms and accumulates
phosphorus. Phosphorus limitation in the epilimnion is only attained once the spring inflow subsides and
the summer thermocline is set up. The large spring algal biomass then utilizes most of the remaining
phosphorus in the epilimnion and settles through the thermocline taking the phosphorus with it. The
dilution of spring inflow, the cold but still aerobic hypolimnion, and the large algal uptake of dissolved
phosphorus from the spring algal bloom results in the lowest phosphorus concentration in most of the
water column in June.

The spring algal blooms wane because it becomes too hot for these species, and because they run out of
phosphorus-thus phosphorus becomes limiting to algal growth through most of the remaining summer
time period in the shallow epilimnion of the reservoir. Maintaining this epilimnion phosphorus limitation
in the summer is highly dependent on the wastewater treatment plant maintaining its loading allocation.

Decomposition of organic matter continues slowly in the sediment in the cold water. The W2 simulations
indicate that the deep hypolimnion sediments slowly accumulate, bury and trap some organic matter. The
turnover of most of the organic matter not buried deeper than about one centimeter in the sediments takes
more than one year. This autochthonous organic matter is often considered internal loading and may
incorrectly be assigned to the anaerobic inorganic phosphorus release without first order organic matter
computations. This 2-3 year time period to recycle the algal biomass and its’ phosphorus would produce
at least 2-3 year delays in realizing maximum improvements in water quality, but should still be counted
as watershed phosphorus that can be managed by the TMDL. The even longer term trends are due to
continued reductions of higher legacy phosphorus loads.

The April-June inflow and the phosphorus mixed up to the shallows are utilized by phytoplankton. The
phytoplankton that settles to depths less than 12-14 meters deep can decompose in 15-30 days once the
temperature is >15 to 24 °C. The nutrients released during this rapid decay process are again biologically
available and reutilized by phytoplankton. Thus some phosphorus may go through 2-4 algal
uptake/growth/decay cycles in a 4-6 month growing period; while phosphorus deeper than 15 meters may
not be incorporated into the phytoplankton cycle once in the next two years. Thus the deeper the water
column and the less littoral shallow area, the more resistant the waterbody is to a higher trophic status.
The April-June spring dissolved phosphorus in the spring runoff overflow current are physically
and biochemically more available, and may be utilized several times over the summer growing
season. These nutrients are a high priority in the seasonality traits of phosphorus inflows into the
reservoir. Scenario C3d targets reductions in this April-June spring runoff non-point source phosphorus
load. Scenario C3d also results in an overall phosphorus reduction that produced a long term decline in
hypolimnion phosphorus retention as illustrated in Figure 1.5.1-2. While it is true the spring inflow is at a
lower concentration than the spring turnover concentration in the water column, this high inflow period is
also the high loading period. Never-the-less, the phosphorus concentrations during spring inflow are still
too high.

All the potential future scenarios considered, coupled with the recycling build up and retention of
phosphorus in the deep stagnant hypolimnion zone, still leave too much phosphorus during the spring
turnover. The high load associated with the spring runoff only exacerbates this spring bloom issue. Some
additional management options of phosphorus build up in the stagnant hypolimnion may need to be
considered. However, any such alternatives would be greatly enhanced by an additional 65% non-point
source reduction (scenario C3d), plus any additional annual reductions that could be implemented. Figure
1.5.1-2 demonstrates that the current baseline condition would still result in a rapid rebuild of phosphorus
in the hypolimnion, whereas scenario C3d would produce a much slower build up in the hypolimnion.
Therefore, scenario C3d might make some alternatives for hypolimnion phosphorus management more
feasible.
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Aeration of the hypolimnion does not appear to present a significant opportunity for overall bioavailable
phosphorus reduction in this reservoir, and consideration of this as a viable alternative would require a lot
more sediment phosphorus release studies. Aeration would be most effective if a large portion of the
hypolimnion phosphorus release came from anaerobic release of inorganic phosphorus. However,
the W2 simulations strongly indicate that most of the phosphorus release comes from
decomposition of autochthonous organic matter. Aeration can actually accelerate organic matter
decay.

1.5.2 Chlorophyll a

The spring algal blooms are still reaching light limitation at least part of the time in late May and
early June until phosphorus becomes limiting after stratification sets up a thermocline.

This is true of the baseline and remains true even in all the scenarios tested. The measurement end-point
improvements in East Canyon Reservoir in chlorophyll and blue-green algal blooms came fairly quickly
(1-3 years) following major phosphorus reductions accumulated to about 60% overall since the1990s.
The next increment of reductions contemplated in these scenarios amount to an additional 11-16 percent
total phosphorus reduction since the 1990s. Improvement in water quality from future reductions will not
be noticed nearly as quickly as the larger reductions have been. East Canyon Dam exported a tremendous
amount of algal biomass giving it a lower trophic status presentation. These scenario simulations
probably do not reach out far enough to see beyond the legacy phosphorus concentrations of the past. This
will especially be true with dissolved oxygen.

BASELINE-

Chlorophyll a mean summer concentration daily extracts 2 Meters deep at the three
protocol stations from the Baseline W2 simulation.

2003-2007; repeat 2003-2006 referenced as 2008-2011 at baseline (2003-

Station 2006 phosphorus loading rates) DAYS
Km Chlorophyll a concentration in
upstream Mg/L Year %>30

of dam 2003 2004 2005 2006 2007 2008 2009 2010 2011 2003 9.9%
St 0.18 6.6 4.6 45 47 3.4 6.7 7.3 6.4 5.6 2004 7.7%
St 1.45 8.2 6.7 5.8 6.2 46 7.6 8.0 7.3 6.5 2005 4.4%
St 3.9 11.9 9.9 7.4 9.6 6.1 6.7 8.5 7.6 6.5 2006 7.7%

Avg 8.9 71 59 68 47 70 79 71 62 2007 11%
St 0.18
Max 45.6 26.7 214 301 225 495 446 317 265 2008 6.6%
St. 1.45
Max 31.9 24.6 23.3 257 223 428 40.2 26.7 27.8 2009 13.2%
St. 3.9
Max 73.7 58.6 23.3 64.6 36.7 50.3 49.2 497 589 2010 5.5%
2003 based min. initial conditions should not be looked as
calibration, but establishing an initial condition 2011 3.3%

Table 1.5.2-1- contains the Baseline calibration simulation from 2003-2007 mean/max/min chlorophyll
data from the W2 simulations. The 2008-2011 is the sensitivity study period for the repeat of the baseline
conditions from 2003-2006 continuously simulated after 2007. The far right column is the count of the
number of days that chlorophyll a would exceed 30 pug/L at any station as a percent of the summer
growing season days. The proposed measurement end-point would be not to exceed 10%; which means
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there is slim margin of safety at the current conditions. There are still periodic very high peak chlorophyll
concentrations. The 2010-2011 peaks are sometimes higher than 2005-2006 peaks due to retention of
phosphorus in the hypolimnion in that cycle.

Certain hydrologic cycles and/or storm and runoff conditions could cause exceptions to the data in table’s
1.5.2-1 & 2. These are not predictions, but scenario sensitivity tests. We already know that 2008 will be
one of the wettest years since the mid 1990s and not a repeat of the 2003 dry year. The best comparison
for 2008 in this table might be 2010.

Every 2-3 year set of hydrologic cycles will have a different build up and flushing of phosphorus from the
stagnant zone of the hypolimnion, which will result in different concentrations of phosphorus during both
fall and spring turnover. Some combinations, like four consecutive years repeating an “average year”
condition with 2005 hydrology would achieve maximum retention of phosphorus in the stagnant zone of
the hypolimnion and would exceed many of the measurement end-point goals for the phosphorus TMDL.
Fortunately four consecutive average year runoffs is not a likely condition, because this average year
scenario repeated produced a worse case condition.

WWTP goes to 8 MGD at .1 mg/I TP and 0.03 mg/l ortho-P; 65% non-point source reduction of both Total
Phosphorus and Dissolved Phosphorus; scenario C3d.

C3d*"  2003-2007 repeated 2003-2006 simulating out to 2011 Days

201 %>30

2003 2004 2005 2006 2007 2008 2009 2010 1 Mg/l
200

St0.18 6.6 45 43 4.1 30 58 62 52 44 3 2.20%
200

St1.45 8.2 66 54 55 40 66 69 62 50 4 0.00%
200

St3.9 118 97 70 82 55 56 73 63 46 5 0.00%
200

Avg 8.9 69 56 59 42 60 68 59 47 6 0.00%

24,

Max St0.18 46.0 269 21.0 237 210 413 349 290 1 207  0.00%
30. 200

MaxSt1.45 316 269 226 207 207 379 327 260 2 8 2.20%
46. 200

Max St 3.9 72.7 584 548 526 337 335 433 471 9 9 2.20%

2008 is repeat of 2003 hydrology, but required an "artificial drawdown" to get to right 201

elevations; it also follows a different preceding hydrology, and gives a different result. 0 0.00%
201
1 0.00%

Table 1.5.2-2 are the mean/max/min summer chlorophyll’s for the W2 simulations of the C3d scenario,
which seeks an additional 65% non-point source phosphorus reduction primarily during spring runoff.

Both the baseline and scenario C3d start with the same initial condition phosphorus concentration-
making the C3d a conservative scenario. A significant margin of safety is achieved with scenario C3d if
the measurement end-point goal is to maintain less than 10% of the days in the summer growing season at

*! There is no additional improvement in % days that exceed 30 pg/L chlorophyll from scenario C3d and scenarios
with greater reductions of external phosphorus loading like C3b or C3c.
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less than 30 pg/L chlorophyll a concentrations at any station. The three stations are daily extractions in
the afternoon at 2 meters deep in the same W2 segments as the three protocol sampling stations.

Reducing overall summer chlorophyll will also reduce the occurrence of blue-green algal blooms. Thus
scenario C3d will also provide an additional margin of safety in attaining reduction of blue-green algae.

Eplimnion Baseline W2 simulation TP/Chorophyll 2 Relationship
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Figure 1.5.2-1 shows the relationship between mean annual summer chlorophyll a concentrations for the
baseline W2 simulation versus the mean summer epilimnion total phosphorus concentration. The R* of this
relationship is not real high because the spring and occasionally the late fall algal blooms are still self shading

light limited or periodically nitrogen limited, not phosphorus limited.

Scenario C3d W2 simulation Epiimnion TP/Chlorophyll a Relationship
EastCanyon Reservoir, Utah
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Figure 1.5.2-2 is the relationship between mean summer chlorophyll and epilimnion total phosphorus from
the scenario C3d W2 simulation scenarios. The R”is better than the baseline because phosphorus is limiting

more often.

Although very significant measurement end-point goals have been achieved at East Canyon Reservoir
over the past 5 years; the hypolimnion, spring turnover, and late fall turnover phosphorus concentrations
remain too high. In 1999-2002 it was visually obvious that construction in the watershed was a
significant part of the non-point source pollution problem. Currently it is less obvious that non-point
source controls can achieve the scenario alternative goals. Another alternative may need to consider
managing the multi-year accumulation of phosphorus in the stagnant zone of the hypolimnion. This
could help reduce spring and fall turnover epilimnion phosphorus concentrations.
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East Canyon Reservoir 2003-2007, repeated 2003-2006 (2008-2011)
450 Baseline (red) / C3d (green)
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Figure 1.5.2-3 charts the summer chlorophyll relationships between the baseline and Scenario C3d. Note the
continued improvements shown as a decline in the second set of peaks each year (late summer/fall) with
Scenario C3d versus the baseline. This should also indicate a long term potential reduction in fall blue-green
algae if scenario C3d is implemented.

1.5.3 Blue-Green Algae

One of the most significant achievements of the East Canyon Phosphorus TMDL is the reduction of
summer and fall Cyanophyta. Five figures demonstrate these reductions as they are computed in the CE-
QUAL-W?2 simulations with the R&D code for algal succession code previously described. One of the
principal purposes for developing this R&D code was to complete reservoir water quality assessments for
phosphorus TMDLs, to model the location and magnitude of blue-green algal blooms in the reservoir, and
to simulate when Cyanophyta might be expected to subside due to phosphorus limitation. This is one of
several reservoirs planned or being tested to determine if the algal succession R&D code can accomplish
these goals. Reductions in epilimnion summertime phosphorus and summertime chlorophyll have already
been discussed. Scenario C3d provides a significant benefit in chlorophyll with a reduction of about an
additional 5% days exceeding 30 pg/L over the baseline.

Figures 1.5.3-1 demonstrates the algal succession from the W2 simulations of the 1991-1998 periods with
much higher phosphorus loads from the watershed. Although there is not a lot of phytoplankton data in
the 1990s, it basically shows that Cyanophyta blooms occurred from July-November, with
Aphanizomenon dominating, especially in the fall. The fall Aphanizomenon dominance has been greatly
reduced post phosphorus reductions, especially since 2003. When phosphorus builds up in the
hypolimnion stagnation zone over a period of several years, eventually the fall turnover followed by a
long warm late fall will produce blue-green algal blooms. Overall the dominance of Cyanophyta in East
Canyon Reservoir will decline from approximately 15>30% pre phosphorus control, to nearer 12% in
2003, and finally to 6% or less in the baseline. Scenario C3d has the potential to drop the overall blue-
green algae to only about 3% of the total algal biomass (Figure 1.5.3-5).

The summer Cyanophyta group in Figures 1.5.3-2 & 4 includes Microcystis and Anabaena flos-aquae,
although the Aphanizomenon group could also include Anabaena. The W2 baseline simulations correctly
follow Dr. Rushforth’s data with a significant Microcystis bloom in 2004, and a smaller summer
Cyanophyta bloom in 2005 (Figure 1.5.3-2).
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